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IEC 61854

Table 2 - I_., Pax: Voo @nd Fip 5 Versus irradiance and temperature
Irradiance Spectrum Module temperature
W.m—2 15 °C 25 °C 50 °C 75 °C
1100 AMT.5 MNA
1000 AMT.5
200 AMT.5
600 AM1,5
400 AMT.5 MA
200 AMT.5 MA MA
100 AM1.5 M A MNA
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A Module output varies with operating conditions

A Measurements on a range of conditions and combinations
defines the realworld module behavior

A Knowledge of module behavior facilitates:
I PV system simulation
I PV module energy rating (IEBC8533)
I model validation
I system optimization
I and in the hands of creative smart people like yanuch, much more
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Energy rating, IE618533  [§)

Select reference climate profile
G, B, D, G(4), R(2), Tamp, € and v in hourly time steps for 1 year and H |

v

>‘ Next time step, j |

Formula (8), with;

Module t t

¥ b Sbnns o, uy, from [EC 81853-2

: , 50 Tamay |, v,from IEC 61853-4
AQI correction of beam and Formuias (1) and (2), with; *

diffuse components: ar from IEC 61853-2 i
Ban) 8N Diza Oy B and D kam 25 010534 Module power output Prax, Tand G from IEC 61853-1
+ Prmog and |IEC 80821
AOl corrected irradiance ‘ v
Guoer201) Formulas (4) and (5) Energy output for time step j
Gl4) o201 g::om = TMI « 1 hour P Formula (18)

+ ]
: Formula (6), with;
|
Spectra corcl:‘ecnon factor R(2), from IEC 6185
)

Spectrally corrected irradiance

Gevery

Y (c Module energy yield output (kWh) D Formulas (19) and (20)

Formula (7)

i

limatic specific energy rating (dimension less
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Matrix measurements in the value cha@

Manufacturer designs a fantastic new module
Independent lab carries out IEC 61853 performance tests
Manufacturer prints detailed results on datasheet
Simulation software provider enters results in database

Project developer runs software and obtains more accurate
predictions of realworld output

Investor sees lower risk
Everyone is happy
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Matrix measurements in the value chg@

1. Manufacturer designs a fantastic new module
- 2= -lndependent-lab-carres edt =G 61853 performance-tests

—3—Manufacturerprints detalledresulis on-datasheet——
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Plan A

A Improve availability of Matrix data

A All else will follow

20190514

Anton Driesse PV Performance Labs

\E

/S\

/)




Existing software S

SAM

I enhanced onaliode model, allowing parameters to vary over the
temperature/irradiance space

T minimal validation and no data available to run it

PV*SOL
i Ldzof AAKSR | d&adzLISN1LI2aAuA2yé YSI
I no plans to implement it as of 2018

PVsyst

I third-party tweaking of onadiode model parameters
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Existing software S

PlantPredict
I calculates temperature coefficients from the matrix

Helioscope
T does not use matrix data

pvlib-python

I no functions available to process or use matrix data

pviib-Matlab

I several functions available to fit models to matrix measurements
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A Createopen source software teead/write/processMatrix

data

Plan A rev.

A Improve availability of Matrix data

A All else will follow
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Survey S)

A Many modules are being tested according to 61853
I but several manufacturer declined to provide reports

A Principal motive is production of PAN files (for PVsyst)

I but PVsyst discourage PAN files optimized from matrix measurements

A Some concerns
I measured samples vs. production runs vs. installed systems
I published matrix vs. performance guarantees
i OFfARAGE 2F SEGNI LIREFGAZY G2
I lab tests vs. real world performance

201905-14 Anton Driesse PV Performance Labs

aa

11



A good question S)

Are indoor module matrix measurements really
Indicative of outdoor system performance?

We can only answer this question
If we obtain matrix measurements
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Another good question S

Singlediode and SAPM models can calculate module power
at any matrix point and in between.
I NBY Qi GKS&asS Y2RSta 32

We canmore easily answedhis question
If we obtain matrix measurements

201905-14 Anton Driesse PV Performance Labs 13



Plan B

Q)
\S/

A Create open source software to read/write/process Matrix

data

A Demonstrate whatouldbe done with matrix data if ivere

available
A Al else will follow

20190514
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Data available so far S

A PublicmPERWata set distributed by NREL
I many module types with reduced matrix measurements by CFV solar

A One Canadian Solar module
I matrix with extra intermediate temperature measurements

A OneSunpowerand oneYinglimodule measured by NREL
I missing measurements at 100 W/m? level

All different file formats and matrix pointk.
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Workingformat for data exchange

name: Canadian Solar CS5P

manufacturer: Canadian Solar

model: CS5P - 220M
datasheet:
alpha_sc : 0.06
alpha_sc_units :'%/C’
beta oc: -0.35
beta_oc _units :'%/C'
gamma_mp - 0.45
noct : 45
cells in_series :96
source: Sandia National Labs

-220M | YAML

column,units

temperature,
irradiance, W
v_oc,V
i_SC,A
v_mp,V
i_mp,A
p_mp,W

Three parts:

1. Meta data

2. Column definitions
3. Tabular data

20190514

~C

CSV

N

CSV

index,temperature,irradiance,v_oc,i_sc,v_mp,i_mp,p_mp

0,75,1100.0,31.1,9.233,22.97,8.331,191.3
1,75,1000.0,30.98,8.472,23.07,7.661,176.7
2,75,800.0,30.6,6.831,23.21,6.198,143.8
3,75,600.0,30.1,5.176,23.24,4.704,109.3
4,50,1100.0,34.01,9.146,25.99,8.413,218.6
5,50,1000.0,33.88,8.392,26.08,7.729,201.6
6,50,800.0,33.51,6.769,26.21,6.244,163.7
7,50,600.0,33.01,5.134,26.24,4.731,124.1
8,50,400.0,32.32,3.476,26.08,3.196,83.33
9,25,1100.0,37.01,9.069,29.17,8.437,246.1
10,25,1000.0,36.88,8.324,29.26,7.746,226.6
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YingliYL230 multSi (NRERO1§ |§

Yingli YL230 multi-Si — measurements
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YinglYL230 multSi (NREL 2018)

Yingli YL230 multi-Si — measurements
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YinglYL230 multSi (NREL 2018)

Yingli YL230 multi-Si -{ bilinear extrapolation|

—— o, g —— *— 5
2 1.0E TS, e O .................. e —g\"\ ROERe]
O —© : :
0.9F : Q :
- ,
° : : :
B | : —®———@-{ Temperature
5 o071 | Unrealistically high 000 15
z i :
efficiency approaching 00 25
0.6 || zero irradiance oo 50
o9® /5
0 200 400 600 800 1000 1200
Irradiance (W/m?)
201905-14 Anton Driesse PV Performance Labs

20



YingliYL230 multSi (NREL 2018)(s)

Yingli YL230 multi-Si -{ bilinear extrapolation|
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YinglYL230 multSi (NREL 2018)

Yingli YL230 multi-Si —fCEC model — CEC database]
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YingliYL230 multSi (NREL 2018)(s)

Yingli YL230 multi-Si —{ SAPM — Sandia database|
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YingliYL230 multSi (NREL 2018)(§

Yingli YL230 multi-Si —[model under development — optimized]
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SunpowelSPRE20 mono (NREI018
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SunpowerSPRE20 mono (NREA018)(s

Sunpower SPR-E20 mono-Si — measurements

11} ‘ :
> el s 4
o R S S I S N T 0 ST ® — ¥ O ORI
Q@ © ‘ :
O O
£ 09 o @ ® . !
° © —G— @ @
g Temperature
S 07l 00 15
< 000 25

0.6 000 50

o899 75
| | 1 | | |
0 200 400 600 800 1000 1200

Irradiance (W/m?)

201905-14 Anton Driesse PV Performance Labs 26



SunpowelSPRE20 mono (NREL 2018)

Sunpower SPR-E20 mono-Si —[bilinear extrapolation]
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SunpowelSPRE20 mono (NREL 2018)

Sunpower SPR-E20 mono-Si —[bilinear extrapolation]
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SunpowelSPRE20 mono (NREL 2018)

Sunpower SPR-E20 mono-Si —[SAPM — Sandia database]
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SunpowelSPRE20 mono (NREL 2018)

Sunpower SPR-E20 mono-Si —[CEC model — CEC database]
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Canadian Solar CS3P0M

Canadian Solar CS5P-220M — measurements
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Canadian Solar CS2P0M S)

Canadian Solar CS5P-220M — measurements
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Canadian Solar CS3P0M {5

Canadian Solar CS5P-220M —[ bilinear extrapolation]
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Canadian Solar CS3P0M

Canadian Solar CS5P-220M —[ bilinear extrapolation]
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Canadian Solar CS3P0M

Canadian Solar CS5P-220M —fDesoto model — optimized (PVLIB)]
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Canadian Solar CS3P0M {5

Canadian Solar CS5P-220M —fPVsyst model — optimized (PVLIB)]

1.1} J
TN 1 | DR AR ISR o s (R o LN (e et 4
8 .
% (3 100 1) I (AN .= A | — e . r .
E | S
[ .
SOV IO SR W e R ;.—%’/ Y T
g : : Temperature
S W 5 S """ e, 99 25
2 : 00® 40

Good fit on : : 000 55
06 full matrix | . o090 70
| | | I | |
0 200 400 600 800 1000 1200

Irradiance (W/m?)

201905-14 Anton Driesse PV Performance Labs 37



Normalized efficiency
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Canadian Solar CS5P-220M —[model under development — optimized]
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First Solar FS 267 (CFV 2014)

CdTe75638 — measurements
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First Solar FS 267 (CFV 2014)

Normalized efficiency
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First Solar FS 267 (CFV 2014)(s

CdTe75638 —F bilinear extrapolation]
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First Solar FS 267 (CFV 2014)

CdTe75638 - SAPM — Sandia database |
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First Solar FS 267 (CFV 2014)
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Very strongoverprediction
of low-light performance
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